




«£ 


i 






cytc kinetics and granulocytopoicsis. In: Cordon 
AS. ed; Regulation ofihematopieisis. New York: 
v* . Meridith Co,. 1970; 1143^66. ,i; '‘S ; i ';v^ 

;. 1 -t ^ 21. Golde EW, Finley TN, Cline MJj The puJ- 
rv: monary macrophage m acute leukemia. N Engl J 
; y Med 1974; 290:875-8. 

: 22. Ghebrehiwet B, Mueller-Eberhard HC. 

^ C3e: An acidic fragment of human c3 with keu- 
’ kocytosis-i inducing activity. J Immunol 1979; 

7 ;> 123:616-21. rt? V:a.{ '■;>r,ev;V s V” 

^{ 23. Cohen AB, Baira G. Bronchoscopy and 
lung lavage induced bilateral pulmonary neu- 
.' trophil influx and blood leukocytosis in dogs and 
> r monkeys. Am Rev Respir Dis 1980; 122:239-47. 

"••-■■ 24. Boggs DR, Cartwright GE, Wintrobe MM. 

‘;v Neutrophilia-inducing activity in plasma of dogs 
^ recovering from drug-indiiiced myelotoxicity. 

! Am J Physiol 1966; 21.1:5l-60. . ^ 

25. Athens JW, Haab OP. Raab SQ?et ai. Leu- 
kokinetic studies: IV. The total blood circulating 
and marginal granulbcyte pools and the gTanu- 
locytc turnover rate in normal subjects. J Clin 
Invest 1961;49:989-95, 

26. Raab SO, Athens JW, Haab OP, et al: 
Granulokinetics in normal dogs. Am J Physiol i 
1964; 206:83-8. 

27. Bierman HR. The hematologic role of the 
lung in man. Am J Surg 1955; 89:139-40. 

28. Bierman H, Kelly K, Cordes F. The seques¬ 
tration and visceral circulation of leukocytes in 
man. Ann NY Acad Sri 1955; 59:850-62, 

i 29. Bierman H; Kelly K, Cordes F, Byron R, 

i Polnemus J, Rappaport S. The release of leu- 

J kocytes and platelets from the pulmonary cm 

\ . culation by epinephrine. Blood 1951; 7:683-92, 

■* 30j Cohen i AB, Rossi M, Geczy D, Knight L. 

\ Neutrophil turnover in normal rabbit lungs. J 

\ Clin Invest 1982; in press. - 1:* • “ 1 '* 

I 31. Zilversmit DB. The design and analysis of 

i :*■' isotope experiments. Am J Med 1960; 29:832^4$. 

.♦ 32. Armin J, Grant RT, Pels H, Reeve EG. The 

t plasma cell and blbod volumes of albino rabbits 

\ as estimated by the dye (T1824) and U P marked 

\ .... i. .V ' : - 

j - , • - ( ."y • < .£.‘~ 

yv.tij; i 3v i: r -sb-jy V 


cell methods. J Physiol (London) 1952; 

59-73. ' ; ■ : • ' -. 

33. Kazmierowski JA, Gallin J I, Reynolds HY. 
Mechanism for the inflammatory response in pri¬ 
mate lungs. J Clin Invest 1977; 5:273-8L 

34. Damiano VV, Cohen AB, Tsang A, Batra 

G, Petersen R. A morphologic study of: the in¬ 
flux of neutrophils into dog lung alveoli after la¬ 
vage with sterile saline. Am J Pathol 1980; 100: 
349-64. •.. - v - ft.;?: : 

35. Merrill WW, Naegel GP, Matthay RA, 

Reynolds HY. Alveolar macrophage derived cbe- 
molactic factor. Kinetics of \in vitro production 
and partial characterization. J Clin Invest 1980; 
65:268-76, V'e-ny* e/L'a? 5 .- 

36. Hunninghakc G, Gadek J, Crystal R. 

Human alveolar macrophage neutrophil cNemo- 
tactic factor: Stimuli and partial characteriza- 
tion. J Clin Invest 1980; 66:473-83, . 

37. HunninghakeGW, Gallm JI, Fauci AS. Im¬ 
munological reactivity of the lung. The in vivo 
and in vitro generation of a neutrophil chemo¬ 
tactic factor by alveolar macrophages. Am Rev 
Respir Dis 1978; 117:15-23. 

38. Yamada H, Abrams WR, Meranze D, Da¬ 
miano V, Kimbd P, Weinbaum G. A study of 
neutrophil kinetics and degranulation in cad¬ 
mium chloridi (CdCli) induced lung infiamma- 
tionj Am Rev Respir Dis 1981; 123:(Suppl. p. 
226). 

39. Campbell EJ, White RR, Senior RM. 
Rodriguez RJ^Kuhn C. Receptor mediated bind¬ 
ing and internalization of leukocyte elastase by 
alveolar! macrophages «i vitro. J ! Clin Invest 
1979;64:824-33. 

40. Henson PM, Zanolari B, Schwartzman NA, 

Hong SR. Intracellular control of human neutro¬ 
phil secretion. 1. C5a-induced stimultlis-spedfic 
desensitization and the effects of cytochalasin B. 
J Immunol 11978; 121:851-55. y ^ 

41 1 Becker EL, Showell JH, Henson PM, Hsu 
LS. The ability of chemotactic factors to induce 
lysosomal enzyme release. I. The characteristics 
ofithe release, the importance of surface and the 


.■ V. 


r. -i.v.• 


Neutrophil Enzymes in the Lung: Regulation of Neutrophil Elastase 1 


-3 




STEWART A. LONKY and JOHN McCARREN 


. - -t 



Introduction 

In 1963, Laurell and Erickson (1) recog¬ 
nized a higher than expected!incidence of 
lung disease in patients with an inherited 
deficiency, of alpha 1 protease inhibitor 
(AlPi). Since that time, Janoff and Scherer 
(2) have demonstrated that the granules of 
human neutrophils contain proteolytic en¬ 
zymes with activity at neutral pH, whereas a 
number of other investigators have shown 
that the intratracheal administration (3, 4) 
of neutrophil clkstase (NE) induces experi¬ 
mental emphysema in laboratory animals. 
These data have prompted the notion that a 


relative excess of NE in the lung leads to 
elastic tissue disruption and pulmonary em¬ 
physema. The fact that the majority of pa¬ 
tients with emphysema have normal serum 
levels of AlPi suggests that if such a pro¬ 
tease pathogenesis theory is correct, periods 
of imbalance between elastolytic enzymes 
and elastolytic inhibitors must exist in the 
lung. Accordingly, a number of labora¬ 
tories have sought to identify, factors that 
either diminish lung anti protease activity or 
increase NE activity in' the lung. In this 
report we shall address our attention to the 
data regarding factors that increase NE ac¬ 


tivity either intracellularly or after the en¬ 
zyme has been released; from neutrophil 
granules. 


* From the Department of Medicine, Universi¬ 
ty ofi California, San Diego, and i Division of 
Pulmonary and Critical Care Medicine, Veterans 
Administration Medical Center, San Diego, 
California. 

1 Presented in part at the Annual Meeting of 
the American Thoracic Society, Detroit, Michi¬ 
gan, May 10, 1981. 

J Requests for reprints should be addressed to 
Dr. Stewart A. Lonky, Veterans Administration 
Medical Center, San .Dicgoj CA 92161. 






S9 


relation of enzyme release to chemotactic respon¬ 
siveness. J Immunol 1974; 112:2047-54. 

42; Cohen AB, Chcnowelh DE, Hugli TE. The 
release of elislase, myeloperoxidase, and 
lysozyme from human neutrophils by an acid 
stable factor derived from human alveolar 
macrophages. Am Rev Respir Dis; in press. 

43. Kruze D, Menninger H, Fchr K, Boni A. 
Purification and some properties of a neutral 
protease from human leukocyte granules and its 
comparison with pancreatic elastase. Biochim 
Biophys Acta 1976; 438:503-13. 

44. Pratt S. Finley T, Smith M, Ladman A. A 
comparison of alveolar macrophages and pul¬ 
monary surfactant obtained from lungs of 
human smokers and nonsmokers by endobron¬ 
chial lavage. Anal Rec 1969; 163:497-506. 

45. Hunninghake G, Gadek J, Kawanami O, 
Ferrans V, Crystal R. Inflammation and immune 
processes in the human lung in health and dis¬ 
ease: evaluation by bronchoalveolar livage. Am 
J Pathol 1979; 97:149-206. 

46. Matheson NR, Wong PS, Travis J. Enzy¬ 
matic inactivation of human alpha-.-antiprotein- 
ase inhibitor' by neutrophil myeloperoxidase, 
Biochem Biophys Res Comrnun 1980; 88:402-9. 

47. Gee JBLi, Khandwala AS. Oxygen metabo¬ 
lism iin the alveolar macrophage: friend and foe. 

J ReticuloendOthel Soc 1976; 19:229-36. 

48. Gee JBL, Vassalo CL, Bell P. Kaskin J, 
Basford RE. Field JB. Catalase dependent per- 
oxidative metabolism in the alveolar macrophage 
during phagocytosis, J Clin Invest 1970; 
49:1280-87. 

49. Spencer H. Pathology of the king. Oxford, 
England: Pergamon Press, 2nd ed, 1968; p. 16. 

50. Roth C, Huchon GJ, Arnoux A, Stanislas- 
Leguern G, Marsac JH, Chretien J. Bronchoal- 
veolir cells in advanced pulmonary’ sarcoidosis. 
Am Rev Respir Dis 198U 124:9-12. 

51. Haslam PL, Turton CV. r G, Lukoszek A. 
Bronchoalveolir lavage fluid cell Icounts in cryp¬ 
togenic fibrosing alveolitis and their, relation to' 
therapy. Thora.x 19S0; 35:328-39. 




vSoO^^Ktt|3s://wwv^||j||Jstrydocuments.'ucsf.edu/docs/skkl^QpO 


mn 


1002968397 





m 


m 




The Intracellular Regulation of 
.Neutrophil Elastase 

. ? r^S>/i/Aesw o/ /Ae Enzyme ; P 
In the mature neutrophil i elastolytic en-' 
zyrric activity is found in the azurophilic 
granules (5-7). These granules are formed 
only during the promyelocyte stage of neu¬ 
trophil development (6), and are subse¬ 
quently distributed to daughter cells follow¬ 
ing cellular mitosis* Mitotic divisions cease 
after the myelocyte stage, and further cell 
' maturation is accompanied by a decrease in 
cellular organelles essential for protein syn¬ 
thesis. Specifically, the nuclear chromatin 
becomes coarsely dumped, nucleoli disap¬ 
pear, and there is a dramatic reduction in 
free ribosomes and rough endoplasmic reti¬ 
cula (8): These findings suggest that the 
elastase content of the mature neutrophil is 
determined during the early stages of granu¬ 
lopoiesis. However, Granelli-Pipemo and 
assodates (9) have shown that more than 
60% of mature human neutrophils isolated 
from peripheral blood retain the capacity to 
synthesize RNA and other proteins. Id ad¬ 
dition^ both neutrophil biosynthetic activity 
and the release of newly synthesized macro¬ 
molecules are influenced by a variety of 
chemicals. ■ ~ wsil 

Clark and coworkers (10), using cyto- 
chemical techniques, found evidence for the 
existence of elastasc-like enzymes within the 
nuclear envelope, endoplasmic reticulum, 
golgi complex, and some granules of circu- 
lating neutrophils. Thus it appears that the 
circulating neutrophil is capable of NE syn¬ 
thesis. Whether factors that increase NE ac¬ 
tivity act at the level of neutrophil!precur¬ 
sors or on mature neutrophils is yet to be 


ment of COPD, and that other factors, 
such as the status of lung antiprotease activ¬ 
ity, also play an important role in determin¬ 
ing the presence or absence of clinical 
disease. - %... ... 

Attempts to correlate the level of NE in 
peripheral blood with disease severity have 
not been uniformly successful. Although 
Kidokoro and coworkers (15) found more 
llmg hyperinflation and more severe impair¬ 
ment of carbon monoxide diffusing capaci* 
ty in PiZZ patients with higher NE levels, 
Rodriguez and assodates (13) failed to find 
any such correlation in COPD patients with 
the PiMM or PiMZ phenotype. Additional, 
well controlled studies are necessary before 
this issue can be resolved; but it is reason¬ 
able to believe that NE levels are one of the 
variables that dictate the degree of connec¬ 
tive tissue disruption in COPD. 

Relatively littlt information is available 
regarding the factors that regulate the level 
of NE in circulating or lung neutrophils. It 
has been demonstrated! (13, 15) that these 
levels are relatively stable over a period of6 
months to 1 yr in patients with uncompli¬ 
cated disease, and it appears that these NE 
levels are not dependents age, sex, or Pi 
type (11, 14). Although it has been sug¬ 
gested that intracellular NE levels might be 
genetically determined (16), there are pre¬ 
liminary data indicating that both 'transient 
and more sustained increases in NE activity 
can be acquired. Cigarette smokers have in¬ 
creased levels of NE when compared with 
matched control isubjects (12), and both pa¬ 
tients (13) and laboratory animals (17) with 
pneumococcal pneumonia have transient 
elevations in NE activity. ^ 


determined. 
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j Clinical Correlates of Increased 
» , Neutrophil Elastase 


In an attempt to establish a relationship 
. between protease-anti protease imbalance 
and clinical disease, a number of investiga¬ 
tors have measured the levels of NE in pa¬ 
tients with chronic obstructive pulmonary 
disease (COPD), and compared these with 
levels measured in normal subjects. Gold- 
ston and colleagues (11) reported there are 
increased degrees of neutrophil elastase-like 
cstcrolytic activity, in patients with'COPD 
and a variety of Pi phenotypes. Lam and 
coworkers (12) demonstrated that higher 
than normal levels of NE constitute a signify 
leant risk factor for the development of 
COPD in PiMZ patients, and Rodriguez 
and associates (13) found that NE levels are 
' increased in COPD patients with PiMM 
phenotype. Although Kramps and co¬ 
workers (14) Tailed to find any correlation 
"between NE levels and the presence of lung 
disease in PiZZ patients, these investigators 
did note that' PiMM patients with COPD 
had higher than normal levels of NE. These 
studies suggest that high levels of NE repre¬ 
sent a potential risk factor for the develop* 


‘ Neutrophil Elastase and Pneumococcal 
' / Pneumonia: Protease Antiprotease 
Homeostasis 

Design of the study. The longstanding asso- 
dationi between infection and COPD 
prompted us to investigate the relationship 
between NE levels and pulmonary infec¬ 
tion. Pulmonary infection with the Type III 
pneumococcus was selected as an experi¬ 
mental modd because infection'with this 
organism induces a brisk-neutrophil re¬ 
sponse in the lung. Furthermore, nonlethal 
lobar pneumonia can be induced in dogs by 
intratracheal inoculation of this organism 
suspended in starch broth (18, 19). Con¬ 
ditioned dogs were inoculated with either 
normal saline (control dogs) or Type III 
pneumococcus (pneumonia dogs), and the 
inoculum was directed to the right tower 
lobe under fluoroscopic guidance. Serial ro¬ 
entgenographs, CBCs, and temperature 
measurements confirmed that a Ibbar pneu¬ 
monia was induced in'11 of 14 dogs, and 
cultures of bronchial'and lung aspirate con¬ 
firmed that the pneumococcus was the bac¬ 
terial agent. No control animal developed 
pneumonia. Peripheral blood granulocytes 
were collected from 50 ml of blood (17), 
and elastase-like esterase activity against 


N-t-Boc alanine-p-nitrophenyl ester (NBA) 
was measured (20). In addition, peripheral 
blood antiprotease activity was determined 
(21), Bronchoalveolar lavage was performed 
via a fiberoptic bronchoscope wedged in the 
uninoculated left lower lobe, and broncho¬ 
alveolar lavage fluid (BALF) and cells were 
collected. , ' “V 

Time course and magnitude of NE 
response. Within 24 hours, the 9 dogs sur¬ 
viving pneumonia induction demonstrated 
a statistically significant increase in circu¬ 
lating neutrophils (6-5 ± 0.9 to 14.9 ± 2.1 
x 10 3 cell m/ml), and an increase in the 
percentage of circulating immature neutro¬ 
phils from 4% to 24%. Although the mean 
circulating neutrophil count increased 
somewhat in 5 control animals, this increase 
was not statistically significant. Within 24 
hours of pneumococcal inoculation, in¬ 
fected dogs showed a 40 to 60% increase in 
NBA esterase levels compared with prein¬ 
fection levels, and this increase in circulat¬ 
ing NBA esterase activity persisted for 48 h 
(figure 1). A similar increase in NBA ester¬ 
ase activity was found in neutrophils de¬ 
rived from the BALF of infected dogs, indi* 
eating that the lung and its connective tissue 
substrate is exposed to this increased enzy¬ 
matic potential. Preliminary data from 
humans with acute bacterial pneumonia 
support this finding in dogs, revealing 
transient, statistically significant increases 
in circulating NE levels during active infec¬ 
tion (13). 

It is of interest to note that uninfected 
anrmali also experienced an increase in cir¬ 
culating neutrophil elastase-like esterase ac¬ 
tivity, but that this increase occurred more 
slowly, reaching statistical !signifioance only 
cn the fourth post-infection day (figure 1). 
Of these 5 control animals, 3 had broncho¬ 
alveolar lavage performed daily, whereas 
the other 2 had lavage performed only once 
(on tbe day of inoculation). 

A further analysis of data from these 
animals revealed that the increase in NBA 
esterase activity shown in figure 1 for con- 
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Flfi. 1. Changes ih mean circulating NBA esterase 
activity in 9 dogs intratracheal pneumococcus 
(closed circles) and Ih 5 dogs receiving intratra¬ 
cheal saline (open circles). Asterisks signify that 
NBA esterase levels are higher In pneumoniadogs 
with p < 0.02 (Student’s t test). 
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S V>trol dogs can be attributed to the lavage 
| process because unlavaged control subjects 
,_-. v had only a 2 to 4% increase in NBA esterase 
sv v £. activity, whereas lavaged animals ex- 
•\; -. pcrienced a 14.5% increase (17). No signifi- 
cant increase in the circulating neutrophil 
•. Vv^ count was detected in the 3 control dogs 
V ^that underwent bronchoalveolar lavage, but 
each of these 3 animals experienced a brisk 
; influx of neutrophils to the lung. Studies in 
^monkeys and in a large number of dogs 
■ v ' have verified that either bronchoscopy or 
bronchoalveolar lavage is associated with a 
* " pulmonary neutrophil response (22). These 
gr. studies also reported an increase in periph- 
" era! blood neutrophils and an increase in 
immature band forms following broncho¬ 
scopy or lavage. Therefore, in addition to 
/pneumococcal pneumonia, bronchoscopy 
and repeated bronchoalveolar lavage can 
expose the lungs to increased levels of NE. 
. l.Ttme course and magnitude of anlipro- 
tease response . The data described thus far 
suggest that pulmonary infection can result 
in an increased risk for elastolysis. The fact 
that pneumococcal pneumonia is not usually 
followed by impaired lung elasticity prompted 
us to measure the protease inhibitory activi¬ 
ty in the peripheral I blood and lungs of i in¬ 
fected and noninfected animals. We found 
that the serum trypsin inhibitory capacity 
(TIC) and the serum NBA esterase inhibi¬ 
tory activity (EIQ increased 15% in dogs 
with pneumonia, and remained elevated for 
48 h (figure 2). Furthermore, we found a 
striking increase in BALF NBA esterase 
inhibitory, activity following infection, with 
. the mean inhibitory activity increasing from 
"'* 776 ± 200 to 1400 ± 190 NBA units in* 
hibited/mg lavage protein (mean ± SE). 

L ' Subsequent studies have shown that this 
\ . " increase in lavage EIC is due to an increase 
; in AlPi. Thus it appears that the lung is 
; protected, from' proteolytic attack during 
pneumococcal lung infection i by a simul- 
| taneous increase in peripheral blood and 
“ lung protease inhibitory activities. Control 
! animals did not demonstrate any statistical- 
■ Iy significant changes in either peripheral 
, r blood or lung lavage antiprotease activity, 
: - even when control animals undergoing 

bronchoalveolar lavage were considered 
i separately. These data suggest that protease 
and antiprotease activities following bron- 
' choscopy and bronchoalveolar lavage may 
r be modulated by independent factors. 


", r ^ Extracellular Regulation of 
Neutrophil El^stase 
Once the neutrophil has migrated to the 
lung, a variety of stimuli can trigger the ex¬ 
tracellular release of granular contents. 
Models for the mechanism of extracellular 
granule release have been reviewed else¬ 
where (23), and will I not be reconsidered 
here. For NE, the available data indicate 
that it is released from neutrophil granules 
as an active enzyme, free to act on any ofiits 
substrates. Whether NE actually attacks a 
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Flfl.i2. Mean ± SE of serum, trypsin Inhibitory 
capacity (left) and serum NBA esterase inhibitory 
capacity{/7gft01n9 dogs inoculated with pneumo¬ 
coccus. All animals inoculated on Day 1. Aster¬ 
isks signify levels significantly greater than prein- 
fectlon levels with p < 0 05 (Student's I test). 
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particular substrate, however, depends on 
the balance struck between factors that 
either enhance or diminish NE activity. 
Such factors include the Ideation ofenzyme 
release, the presence or absence of enzyme 
inhibitors, and the presence of various 
molecules that can enhance NE activity. 


.Location of Enzyme Release 
In the lung, NE can be released into any of; 
the 3 major compartments: vascular, inter¬ 
stitial, or bronchoalveolar. Potential'sub¬ 
strates for this enzyme exist in each com¬ 
partment because NE is a proteolytic as well! 
as an elastolytic enzyme. , NE will attack a 
variety of proteins, including complement 

(24) , components of the clotting system 

(25) , immunoglobulins (25), kinins (25), 
collagen (26), basement membranes (27, 
28), and elastin (3, 29). It'is, however, the 
action of NE against lung elastic tissue and 
the induction of an emphysema-like lesion 
(3, 5) that has been most extensively stud¬ 
ied, an d wh ich will be re vie wed h ere. 

Because elastin is found in the king inter- 
stitium^ NE release into this compartment 
would be expected to result in the greatest 
amount of elastic tissue damage. Although 
such interstitial release of NE has not been 
directly measured, there is evidence that 
such release takes place. Wright and iGallin 
(30) have shown that the chemotaxis of 
PMNs is associated with'the leakage of! 
various enzymes, and the movement of 
PMNs through the interstitial space can be 
expected to result in small amounts of NE 
release. In addition, a variety of inflamma¬ 
tory reactions in the lung are associated 
with the interstitial accumulation ofiPMNs. 
Some of these reactions are due to agents 
that are capable of causing PMN degranu¬ 
lation (23), and NE release is inevitable 
under these circumstances. 

Because both the vascular and broncho¬ 
alveolar compartments contain protease in¬ 
hibitors, NE released into ihese compart¬ 


ments is subject to inactivation. As the vas¬ 
cular compartment contains a greater 
amount of inhibitory protein, one would 
expect that lung elastolytic damage would 
be tess if NE were introduced via this route. 
Animal studies have borne out this hypoth¬ 
esis, demonstrating that although experi¬ 
mental emphysema can be induced by the 
intravascular administration of elastolytic 
enzymes (31), enzyme administered intra- 
tracheally is more potent against lung 
elastin (32). 

NE released into the bronchoalveolar 
compartment is subject to the effects of 
various inhaled gases, aspirated material, 
and airborne particulate matter. Any of 
these factors can alter the physical-chemical 
environment in which the enzyme will act; 
resulting in a change in enzyme activity. To 
date, there have been few studies directed at 
measuring such changes in NE activity in 
vivo but we can predict some expected ef* 
fects by considering the available i/t vitro 
data. The elastolytic activity of NE is 
decreased when the pH is decreased below 
7.4 and approaches zero at pH = 5.0(33). 
It is intriguing to hypothesize that the in¬ 
halation of gases such as ozone, oxides of 
nitrogen, or chlorine, which can diminish 
the pH of bronchial secretions, might de¬ 
crease NE activity. In addition, the aspira¬ 
tion of acid stomach contents might inhibit 
the action of free bronchoalveolar NE. 
Conversely, the alkalinization of bronchial: 
secretions might result in enzyme stimula¬ 
tion because NE reaches peak elastolytic ac¬ 
tivity at pH 8.8 (33). Changes in the ionic 
strength of bronchial isecretions, induced by 
the transudation of fluid or the inhalation 
of various solutions, also might affect NE 
activity. Increases in ionic strength can 
result in NE stimulation against both elastin 
(34) and synthetic substrates (35), whereas 
decreases in ionic strength can diminish NE 
elastolytic activity. 


Presence of Protease Inhibitors 
In each of the lung compartments are pro¬ 
tease inhibitors that can neutralize NE ac¬ 
tivity. As previously stated, the major, 
serum and bronchoalveolar fluid inhibitor 
of NE is AlPi (36)i The mechanism of ac¬ 
tion of this protease inhibitor has been de¬ 
scribed (37), and the functional regulation 
of AlPi is the subject of another report in 
this symposium. AlPi is made predomin¬ 
antly in the liver (38). More recent data 
have demonstrated that the alveolar macro* 
phage is also capabte of Ai Pi synthesis (39)j 
although it is likely that macrophage- 
derived AlPi constitutes only a fraction of 
BALF AlPi. In the serum, AlPi is an acute 
phase reactant with increases in levels oc* 
curring in response to Ibbar pneumonia, 
pregnancy, birth control pills, malignant 
tumors, severe burns, and typhoid vaccine 
(38). In the bronchoaUeolar.compartment, 
AlPi levels are increased following infec¬ 
tion with the pneumococcus (17); and in the 
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bronchoalveolar lavage fluid of smokers 

(40) . Other factors that might increase 
. bronchoalveolar levels of this protease inhi- 

^ ; bitor are still to be identified. Because this 
r compartment is exposed to inhaled and 
-■■ aspirated material, it is likely that the level 
or activity of bronchoalveolar A1 Pi is more 
Y-susceptible to change than serum levels or 
' activity. 1 ' • — i . -".v" ’: 

1 In addition to AlPi, both the vascular 
i and bronchoalveolar compartments contain 
alpha 2 macroglobulin (a2M), a large (MW 

* 725*000) protein that can inhibit NE 
V dastolytic activity (41). Whereas A1 Pi com* 

pletely inhibits NE activity, experimental 
data have shown that NE activity against 
elastin is incompletely inhibited by o2M 

(41) . The residual activity of tr2M-NE com- 
,, plexes against elastin may play an impor- 
*>' tanl role in patients who are genetically or 

functionally deficient in AI Pi (41, 42). Two 
other NE inhibitors have been identified in 
the bronchoalveolar compartment, neither 
of which has been fully characterized. The 
first of these is a low molecular weight (MW 

* 14,000) acid-stable inhibitor found in 
purulent sputum (43) and bronchoalveolar 
lavage fluid (44). The second bronchoalveo¬ 
lar inhibitor is a high molecular weight 
(MW = 80,000) inhibitor found in bron- 
choalveolar lavage fluid of dogs and hu- 

*■ mans (45). The role of these inhibitors in 
vivo is yet to be ascertained. ' v . ^ ^ 

Factors That Stimulate NE Activity 
Substrate considerations. Elastin is a cross* 

■ linked structural protein containing an 
unusually high percentage of nonpolar 
^ amino acids (46). These qualities render 
.elastin insoluble in aqueous systems. 

: Because of this, multiple synthetic sub- 
; strates have been developed that allow for 
the rapid spectrophotometric determination 

• of elastase activity. The most widely used of 
these substrates are N-t-Boc-L-alaninc-p- 
nitrophenyl ester (NBA) and succinyUtrial- 
anine-p nitroanilide (Suc-fAla^-NA), each 
of which has been used as substrate for pan¬ 
creatic elastase or NE (18, 47). It must be 
remembered, however, that these synthetic 

* substrates measure the esterolytic activity of 

- NE, and although this esterolytic activity 
parallels the elastoiytic activity of the en¬ 
zyme, factors that influence the esterase ac¬ 
tivity of NE may have little or no effect on 
the elastoiytic activity of the enzyme, and 
vice versa. This fact is well demonstrated by 

- reviewing the effects of o2M on NE activi* 

' ty. Whereas NE elastoiytic activity is almost 

completely abolished by o2M, the activity 
of NE against Suc-(Ala) JT NA is markedly 
increased. Because it is elastin that is the 
substrate in lung parenchyma, we have 
focused our attention on factors that stimu¬ 
late NE activity against either lung elastin 
or elastin purified from lung tissue or 
bovine ligament urn nuchae. 

Stimulation of NE by platelet factor 4. 
We are initially interested in PF 4 as a poten¬ 




tial inhibitor ofi NE as this molecule, a 
potent antiheparin protein secreted by acti¬ 
vated platelets (48), is an inhibitor ofi neu¬ 
trophil collagenase (49). Using neck liga¬ 
ment elastin suspended in agarose as the 
substrate for NE, wc found that rather than 
inhibit NE, PF 4 stimulates NE elastoiytic 
activity. This stimulation is seen at con¬ 
centrations of PF* and NE that are physio¬ 
logically attainable (50). In addition, we 
found that this stimulation of NE against 
elastin occurred in the presence of AlPi as 
long as NE activity was not completely in¬ 
hibited. Studies performed using radioli- 
beled (51) hamster lung elastin as the sub¬ 
strate confirmed these findings, demon¬ 
strating a 50% increase in NE activity when 
the molar ratio of PF 4 :NE was 4:1, and a 
doubling of NE activity when the ratio was 
10:1 (figure 3). When a synthetic NE sub¬ 
strate such as NBA was used, we found no 
enhancement of NE esterolytic activity 
(figure 3). The proteolytic activity of NE 
against either casein or: hemoglobin is only 
slightly increased at high molar ratio of 
PF 4 :NE (figure 3). Thus the ability of PF 4 
to stimulate NE is relatively specific for NE 
elastoiytic activity. 

To test whether PF 4 stimulated NE ac¬ 
tivity against lung elastin in situ, hamster 
lungs were inflated with solutions of buffer 
alone (phosphate buffered saline pH 7.4; 
PBS), human NE, PF 4 alone, or PF 4 and 
NE mixed at a molar ratio ofiPF 4 :NE = 4.1i 
After a 2-hour incubation at 37° C, the 
lungs inflated with NE alone showed mini¬ 
ma] alveolar hyperinflation. Pressure- 
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Fig. 3. Stimulation ot human neutrophili elastase 
(HNE) by PF, againsti ’H-lung elastin (closed 
circles), ’"t-casein [open squares), and N-t boc- 
■fanine-phnilitophenyl ester (NBA; open circles ).: All 
experiments done with 5 HNE. 5 */g resulted in 
release ot 1.9 x 10 1 cpm from i*H elaslih, and i.2 
x 10^ cpm trom m l Icasein. Incubations at 37* C 
for 3 h. 


volume studies revealtd that the compliance 
of these “low dose” NE lungs was not dif¬ 
ferent from the compliance of control 
lungs. The addition of PF 4 to the same 
amount of NE resulted in a more severe al¬ 
veolar injury (figure 4) and a shift of the 
lung pressure-volume curve to the left 
(figure 5). Measurements of lung connec¬ 
tive tissue content revealed that a significant 
decrease in measurable lung elastin occurred 
only in the animals treated with NE plus 
PF 4 , and that collagen content was unaf¬ 
fected (51). Thus, PF 4 is capable of stimu¬ 
lating NE against lung elastin in situ, and 
such stimulation may result in connective 
tissue destruction by levels of NE that 
otherwise would be ineffective. < 

PFa as a model stimulant of NE activity; 
effects of other lysine-rich ligands. PF 4 is a 
basic protein at physiologic pH, and a study 
of the amino acid sequence of this protein 
reveals that its cationic nature is the result 
of a lysine-rich region near the carboxy- 
terminus of this 70 amino acid molecule 
61 65 

(. . . Lys-Lys-I!e IIe-Lys-Lys . . .) (52). We 
have found that upon mixing with NE, PF 4 
is rapidly cleaved into at Itast 3 fragments 
(51). However, PF 4 which has beem incu^ 
bated with NE for ! hour, still retains NE 
stimulatory activity, suggesting that one or 
more of the PF* fragments are capable of 
stimulating NE. Preliminary data have 
shown that some of the PF 4 fragments con¬ 
tain the lysine-rich carboxy terminal region 
and remain cationic. These data prompted' 
us to study the effect of other lysine-rich 
molecules on NE activity. :w ; v ; 

To date we have studied various poly-L- 
lysines and histones that are relatively 
lysine-rich (histone V and histone Ills; 
Sigma r St. Louis, MO). We found that 
poly-L-lysines with a polymer length greater 
than 4 lysines are capable ofistimulating NE 
activiry (table I). and that histone Ills is 
also capabk* of such stimulation: This prop¬ 
erty is not found in other basic molecules 
because poIy-L-arginine, a chymotrypsin, 
and trypsin fail to stimulate NE activity 
(table I). 

Previous investigators have shown that 
elastin is slightly anionic in nature (53)j and 
Gertler (54) has shown that basic ligands 
such as poly-L-lysine, poly-L-arginine, and 
pancreatic elastase bind to elastin in a non¬ 
specific,; electrostatic manner. We expect 
that PF 4 and other lysine-rich ligands also 
bind to elastin electrostatically, and that 
this substrate binding plays an important 
role in NE stimulation. This theory is in 
disagreement with experimental observa¬ 
tions for pancreatic elastase, , which show 
that pancreatic elastase activity against elas¬ 
tin is wholly governed by the presence of 
charge complementarity between enzyme 
and substrate (55). However, for NE, elec¬ 
trostatic binding of enzyme to substrate is 
likely to be less important than for pan¬ 
creatic elastase. Evidence that NEintercacts 
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- Fig. 4 : Photomicrographs of bemaloxyiin-eosin-stained hamster lungs 
Inflated With buffer alone (figure 4A), *0 H g HNE (figure 48), orAOng HNE 
plus 44 PF, (figure 4CJ. Uung incubated 2 h at 37 * C and inflation fixed 
In neutral 10% formation at inflation pressure of 12.5 cm H,0. Original 
magnification: x 200. A, top left 3, top right; C, left 
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with' elistin via nonelectrostatic mecha¬ 
nisms comes from work by Boudier and co- 
workers (34) and Liestienne and Bieth (35), 
who have shown that NE elastolytic and 
esterolytic activity are increased in the 
presence of high ionic strength, a condition 
that rapidly inactivates the pancreatic en¬ 
zyme (25, 33). 

Support for the hypothesis that PF« stim¬ 
ulates NE by attaching to the substrate 
(substrate directed stimulation), rather than 
by a direct action of FF 4 on NE, comes 
from experiments in which PF 4 was prein¬ 
fused into' elastin-agarosc plates and fol¬ 
lowed by the addition of NE (figure 6). 
Stimulation of NE results, and the degree 
of stimulation is somewhat greater than 
that seen when PF 4 and NE are mixed 
before addition to the elastin plate wells. 

From ithese data we have theorized that 
PF 4 released into the lung, even in the 
absence of concomitant NE release, can be 
• adsorbed onto elastin, resulting in a 
substrate that is more susceptible to attack 
by NE at a later time. 

Platelets and PF A irt the lung; the 
“inflammatory ” platelet. The data outlined 
above take on iincreased significance when 


one considers the fact that platelets are a 
normal constituent of circulating blood, 
and that activated platelets can release PF 4 
endogenously (56)., Recent evidence has 
pointed to an additional role for platelets, 
that being a role in the inflammatory reac¬ 


tion. Several agents that initiate inflam¬ 
matory reactions, such as urate crystals 
(57) j immune aggregates (58), and bacterial 
lipopoly saccharides (59), can stimulate 
platelets and result in the release ofplatelet' 
contents. In addition, platelets andiplatelet 


Mean Inflation P-V Curves 
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o—o Elo*lata 
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Fig. 5 Mean inflation PV curves for animals receiving buffer alone (•), 40 ^g HNE (O), or 40,ig HNE plus 
44 (jg PF, (a). Asterisks indicate data points significantly different from control values by analysis oti 
variance. Mean deflation P-V curve (not ishown) reveals simitar results, with HNE +• PR, curve significant¬ 
ly more compliant at lung volumes (Vt) fitom 50% to 100% of tolaf lung capacity (TIC*). 
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Ugand Tested 

. v* Molar Ratio 
- Cationic LlgandrNE 

2:i 4:i 101 

Poly-i-Tysine (3O,0^W) 


^ 2.20 

230 

Po4)H--^sine^l3,000) T 

1.70 

1.90 

23 

PF. 

130 

1.75 

1.75 

Histone Ill's _ - 

1.18 

135 

135 

Poly-L-lysine (3,400) 

130 

1.40 

1.45 

Lysine (8-12) . 

1.05 

1.10 

135 

TetraJysine . 

1.00 

0.95 

0.95 

• chymotrypsin ‘> v -"*./■ 

1.00 

0.90 

090 

Poly-c-arginine (13,900) 

0.90 

035 

030 



PBS CDfUTROL ACTIVE NE PMSF-NE 
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a. Activity of 5 ^0 NE alone against *H-«lastin ■» 1JCL 
h. All 1 experiments dona uslit»o5j<fl NE. W, 
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proteins have been identified at sites of 
tissue injury (60) and in rheumatoid synov^ 
ial fluid (61), whereas platelet depletion 
ameliorates certain flammatory responses 
(56). In the lung, platelets have been shown 
to accumulate in patients with iacute respi¬ 
ratory failure (62) or the adult respiratory 
distress syndrome (ARDS) (63), Thus, the 
platelet probably plays an important role in 
lung inflammation, and we investigated the 
. possibility that lung PF 4 release could occur 
in vivo. - .. 

Because‘PMNs pfay" a role in the inflam- 
■ matory reaction, we reasoned that neutro* 
phil products such as NE might be involved 
^ . with a lung platelet response. Support for 

this notion comes from work demonstrat¬ 
ing free lung NE in patients with pulmonary 
infection or ARDS (63-65)j To test this 
“^Thypothesis, we administered purified hu- 
~ ’ man NE in trat radically to rabbits with 

■ > ^* r ^ tT T n di U m-l a be!ed platelets circulating in 
their peripheral! blood pool (66, 67). We 
foundthat within 60 min of NE inocula- 
iighTlioahtTncrease in lung platelets 


- FIq.i 7. Bar graph showing lung platelet counts 60 
min after intratracheal, inoculation of phosphate 
buffered saline (PBS), human neutrophil elastase 
(active NE),i or human neutrophil elastase inacti¬ 
vated by phenyl methyl sullonyl fluoride (PMSF- 
NE). Values are mean * SE. Asterisk indicates 
significantly greater platelets in: NE-inoculated 
animals with p< 0.001 by analysis of variance. 


Occurs (figure 7). Animali inoculated with 
inactive NE or buffer alone do not show 
such lung platelet sequestration. In addi+ 
tion; measurement of plasma and bron- 
choalveolir lavage fluid PF 4 levels by radio¬ 
immunoassay revealed that plateltts were 
activated in the NErinoeulated animals. 
These activated platelets secreted platelet 
proteins including PF 4 . Thus pulmonary 
inflammatory reactions that are associated 
with the presence of free NE can result! in 
the release of PF 4 . Whether other lung in¬ 
juries also are associated with'PF 4 release 
needs further investigation! because this 
platelet protein may alter the reactivity of 
lung dastin, creating an imbalance in the 
lung protease-antiprotease system. 
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PF^ CONCENTRATION (nanomoles/ml) | 


Flg,6 Stimulation of human NE by PF, against 
•laslln in elastin-agar plates. (Aiphasin, Elistin 
Products. St. LouliS, MO), Closed circles (•) show 
results when 16.6 nanomoles of NEpre incubated 
with PF, and then added to plale. Open circles (O) 
•how results when PF, is preinfused Into elaslin- 
•gar, and NE added later. 
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